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Biologically active interferon-a, tumor necrosis factor-a (TNF-a), and interleukin-1 (IL-1) were detected in bronchoalveolar lavage (BAL) fluids of 3-week-old cesarian-derived colostrum-deprived pigs inoculated with H1N1 influenza virus. Cytokine titers and lung virus titers were significantly higher 18 -24 h after inoculation than at 48 -72 h after inoculation in all 4 litters of pigs examined. All three cytokines were positively correlated with a 3-to 4-fold increase in BAL cell numbers (P õ .036) and with a drastic neutrophil infiltration (24% -77% of BAL cells vs. 0 -1.5% in controls) (P õ .001). In addition, cytokine production coincided with the onset of general and respiratory symptoms of influenza and with the development of a necrotizing bronchopneumonia. This study is the first demonstration of TNF-a and IL-1 in BAL fluids of a natural influenza virus host. It documents that pigs may be a highly valuable experimental model in human influenza virus pneumonia.
Swine influenza (SI) is a highly important respiratory disease onset of fever, anorexia, tachypnea, dyspnea, and coughing. of pigs. The causative viruses are type A influenza viruses of Considerable economic losses result from growth retardation H1N1 and H3N2 subtype, which are antigenically related to or weight loss. Experimental viral infections of pigs have docuhuman influenza viruses. Typical outbreaks involve an abrupt mented massive viral replication in lung epithelial cells, accompanied by polymorphonuclear leukocyte infiltration and epithelial degeneration [1] . However, the exact mechanisms by which SI virus produces lung pathology and disease have not been studied.
phragmatic lung were collected for standard histopathology, influorexia, and weight loss, particularly if produced at higher levels enza virus titrations, and fluorescent antibody stainings [7] . The [5] . Evidence for a role of TNF-a and IL-1 in influenza virus right lung was lavaged with 60 mL of PBS. Bronchoalveolar lavage pathogenesis and disease is growing [4, 6] .
(BAL) cells were separated by centrifugation at 400 g and counted,
The pathogenesis of human influenza has been studied aland cytospin preparations were stained with DiffQuik (Baxter, most exclusively in volunteers and in small laboratory animals.
Düdingen, Switzerland) to determine percentage of neutrophils.
Pigs, unlike mice and guinea pigs, are natural influenza virus . The plates were stained with crystal derived colostrum-deprived (CDCD) pigs were used. They were violet and read spectrophotometrically. The number of units of inoculated intratracheally with 10 7.0 EID 50 of influenza virus TNF-a per milliliter was defined as the reciprocal of the dilution (H1N1 A/Sw/Belgium/1/83), third passage in embryonated eggs.
producing 50% cytotoxicity. TNF-a specificity was established Control pigs were left either uninoculated or inoculated with PBS by neutralization with rabbit anti-human TNF-a (Innogenetics, or with sterile allantoic fluid (table 1) . Inocula contained õ1.25
Zwijndrecht, Belgium). IL-1 was measured as proliferative activity endotoxin units/mL in the limulus assay. Pigs were euthanized at in D10(N4)M cells in the presence of concanavalin A and recombi-18, 24, 48, or 72 h after inoculation with virus or at 24 h after nant human IL-2 [10]. Percentage of proliferation was quantitated inoculation with PBS or allantoic fluid. Gross lung lesions were scored by visual inspection. Samples from the left apical and dia-by the MTT method, and optical densities were measured. The in all groups. Maximum IL-1 titers were 535, 245, 520, and 150 U/mL in the 4 respective groups. Only in group 1 pigs was IL-1 also found at 72 h after inoculation.
Results
Levels of the three cytokines were significantly higher 18 -24 h after inoculation than at 48 -72 h after inoculation (P õ Clinical responses, influenza virus titers, BAL cell numbers, percentage of neutrophils, and cytokine titers of individual pigs .016 for all three cytokines). Significant correlations were noted between production of all three cytokines and BAL cell num-are summarized in table 1.
Clinical symptoms. Control pigs remained healthy. In in-bers (P õ .036 for each) and percentage of neutrophils (P õ .001 for each). Cytokine production coincided with the onset fluenza virus -inoculated pigs, lethargy, shivering, anorexia, tachypnea, and labored abdominal respiration developed be-of clinical disease and development of bronchopneumonia. tween 18 and 24 h after inoculation. Recovery started between 48 and 72 h after inoculation. Pigs in group 1 were most Discussion severely affected.
Influenza virus replication. Control pigs tested negative for At the start of this study, it was unknown whether the lungs of 3-week-old CDCD pigs are fully capable of TNF-a and virus. Virus titers and immunofluorescence scores were similar in the 4 influenza virus -inoculated groups (P ú .577). Titers IL-1 production. Thus far, TNF-a and IL-1 have only been demonstrated in the lungs of pigs 6 -8 weeks old and older, in apical and diaphragmatic lung lobes were significantly higher 18 -24 h after inoculation than at 48 -72 h after inoculation (P either conventional [11] or gnotobiotic [12] . In our study, the use of CDCD pigs was required, since we regularly detect õ .016 and .008, respectively). Fluorescence was evident in all sections examined. Eighteen and 24 h after inoculation, TNF-a and/or IL-1 in BAL fluids from conventional pigs in the absence of experimental viral infections. The age of 3 weeks bronchi/bronchioli and alveoli had, respectively, 90% and 30% of their epithelial cells fluorescing. By 48 -72 h, more of the was selected for practical reasons. Because sanitary status and age may influence cytokine production, we performed a prelim-alveolar tissue became involved.
Lung inflammatory changes. Control pigs did not have inary experiment in 3-week-old CDCD pigs. Two pigs were inoculated intratracheally with 17 mg of Escherichia coli O111: macroscopic or microscopic lung pathology. BAL cell numbers were between 35 and 60 1 10 6 . Fewer than 1.5% of cells were B4 lipopolysaccharide, a known potent TNF-a and IL-1 inducer. BAL fluids collected 6 and 12 h after inoculation re-neutrophils; ú95% had macrophage morphology.
After influenza virus inoculation, gross lung lesions appeared vealed TNF titers of 184 and 128 U/mL and IL-1 titers of 564 and 596 U/mL in the respective bioassays. Consequently, 3-between 48 and 72 h after inoculation. At that time, Ç85%, 18%, 18%, and 8% of lung tissue was affected in groups 1, 2,
week-old CDCD pigs were found suitable for further influenza virus -cytokine studies. 3, and 4, respectively. On histopathology, bronchi/bronchioli and, to a lesser degree, alveoli showed epithelial necrosis and To our knowledge, this is the first demonstration of influenza virus -induced TNF-a and IL-1 in BAL fluids of a natural virus massive neutrophil infiltration at 18 -24 h after inoculation. Forty-eight and 72 h after inoculation, bronchioli and alveoli host. Interestingly, influenza virus was an equally effective inducer of TNF-a and IL-1 as was E. coli endotoxin. TNF-a were filled with exudate containing necrotic debris and macrophages and only few neutrophils. Histologic changes were most and IL-1 have remarkably overlapping and synergistic effects, several of which are consistent with clinicopathologic manifes-dramatic in group 1. BAL cell numbers were between 112 and 160 1 10 6 at 18 -24 h after inoculation and consisted of a tations of influenza [5] . Our findings in pigs are in agreement with previous reports in mice [3, 4] and further substantiate the maximum of 56% -77% neutrophils in groups 1, 2, and 3. In / 9d43$$ap48 03-04-98 19:03:33 jinfa UC: J Infect
